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JEFFERY KISHEL, P.E."

Lining The All-American Canal:
Legal Problems And Physical
Solutions
INTRODUCTION
This article explores potential solutions to a developing transboundary conflict between the groundwater law of the United States and the
groundwater law of Mexico. The United States plans to line a portion of
the All-American Canal along the United States/Mexico border with
concrete in order to conserve water that would otherwise seep into the
ground and flow to Mexico.1 The conserved water would be used to
satisfy growing demands in urban Southern California, while decreasing
the underground transboundary flow to Mexico. Mexico has objected to
the project on the ground that its water supply will be decreased.
Mexico's objection can be overcome by physical and institutional
solutions that would benefit both countries, but to be successful, such
solutions must be developed outside of conventional transboundary
dispute resolution mechanisms.
The arid northern frontier of Mexico and the southern frontier of
the United States are the fastest growing portions of their respective
countries.2 Population growth and economic development along the
border will likely accelerate with the implementation of a free trade
agreement between the two countries.? The most critical factor affecting
continued growth in the border region is the availability of water
supplies, which for the most part originate in the United States."
Although surface water supplies have been allocated between the two
* Vice President, Chief Engineer, Bookman-Edmonston Engineering, Inc., Sacramento,
C.A., J.D., Southwestern University School of Law.
1. Due to construction considerations, the United States actually plans to construct a new
lined canal parallel to the existing unlined canal. See Bureau of Reclamation, U.S. Dep't of
the Interior & Imperial Irrigation District, All-American Canal Lining Project Imperial
County, Cal.: Draft Environmental Impact Statement/Environmental Impact Report INT DES
91-18 (1991) [hereinafter Draft EIS/EIR].
2. See E. Carpenter & L. Blackwood, The Potential for PopulationGrowth in the United States
Counties that Border Mexico: El Paso to San Diego, 17 Nat. Res. J. 545 (1977); F. Alba,
Conditiones y Politicos Economicas en la Frontera Norte de Mexico, 17 Nat. Res. J.571 (1977).
3. See G. Bush, Enterprise for the Americas Initiative of 1990 (Sept. 18, 1990) (U.S. Dep't
of State Press Release, Current Policy No. 1288).
4. See H. Ayer & P. Hoyt, Industrial Growth in the U.S. Border Communities and Associated
Water and Air Problems: An Economic Perspective, 17 Nat. Res. J. 585 (1977).
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countries by treaty for many years,5 the management of groundwater
resources in the boundary region presents unique legal and institutional
problems which have not been formally addressed.6
Population growth and increased environmental regulation such
as stricter water quality standards and in-stream flow requirements have
placed unprecedented demands on existing water sources in the United
States. Recent legislation and litigation have appropriated substantial
municipal water supplies for environmental enhancement purposes!
Imaginative water management strategies are being developed and
implemented north of the border to cope with the situation. These
strategies require extensive negotiations and substantial expenditures to
satisfy the various interests competing for water allocations within the
United States.8 When the resulting water management schemes implicate
Mexican interests, as many of the more innovative measures will, special
difficulties in achieving compromise and consensus are presented.
The border between the United States and Mexico delineates two
very different cultures manifested by their respective legal systems and
institutions. The demarcation is effected in various ways with varying
degrees of effectiveness: land is divided physically by fences and walls;

S.Treaties between the United States and Mexico regarding surface water rights date back
to the Treaty of Guadalupe Hidalgo, marking the end of the Mexican-American War in 1848.
See Treaty of Guadalupe Hidalgo, U.S.-Mexico, Mar. 10, 1848, T.S. 207. See also Documents
on the Use and Control of the Waters of Interstate and International Streams: Compacts,
Treaties and Adjudications, 443-83 (T.R. Witmer ed., 1968) (providing a compilation of U.S.
interstate water compacts and water treaties between the United States and Mexico or
Canada); Comision Internacional de Limites y Aguas entre Mexico y los Estados Unidos,
Seccion Mexicana, Tratados y convenciones sobre limites y aguas entre Mexico y los Estados
Unidos (1957) [Treaties and Conventions Concerning Boundaries and Waters Between the
United States and Mexico].
6. For the purposes of this article, "groundwater" is defined as the water that exists in
saturated zones beneath the earth's surface such that it can be recovered by means of a well.
See D. Todd, Groundwater Hydrology 23 (1980). "Surface water" is defined as water that
exists in natural and man-made channels on the earth's surface.
7. For example, the California Supreme Court has held that appropriative water rights
in California are held subject to an implied servitude in favor of the public's interest in
environmental values. Therefore, the state can convert an appropriator's water right to
environmental uses at any time without compensation to the appropriator. See Nat'l
Audubon Soc'y v. Super. Ct.of Alpine County, 658 P.2d 709, cert. denied 464 U.S. 977 (1983).
8. An example is the water conservation and transfer agreement between Metropolitan
Water District of Southern California and the Imperial Irrigation District. Metropolitan,
which provides water to urban Southern California, is paying for over $200 million worth
of efficiency improvements to Imperial's antiquated irrigation distribution system. In return,
Imperial will make the water conserved by the improvements available to Metropolitan.
The agreement took nearly 20 years to negotiate. See Bookman-Edmonston Engineering, Inc.,
Imperial Irrigation District: Metropolitan Water District Water Conservation and Transfer
Agreement Verification Plan (1991).
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population is divided by immigration controls; commerce is divided by
border inspections and tariffs; and surface water resources are divided by
flow regulating structures and flow measurement stations. But groundwater resources know no national boundaries. Actions on one side, such as
extensive groundwater pumping, can profoundly affect conditions on the
other side of the international boundary. Legal systems have been
developed within each country to deal with domestic groundwater
allocations and disputes between domestic interests, however, these
systems have evolved from very different legal and cultural heritages and
are discontinuous at the international boundary. Therefore, the All-American Canal lining project implicates matters of international law.
PHYSICAL SETTING
The All-American Canal lining project is a major water conservation project being planned by the United States Government for the
eastern California/Baja California border area.9 The region that would
be affected by the project is one of the hottest, most arid, inhospitable
places on earth with an average annual rainfall of less than 3 inches and
a maximum temperature in excess of 100 degrees more than 110 days per
year.10 Because of its extremely arid climate, the history of the area is the
history of the development of its water resources.
A. The Transboundary Canal System
1. Historical Background
Today, the All-American Canal transports water from Imperial
Dam on the Colorado River, located about 25 miles north of the United
States/Mexico border, through southernmost California to the irrigated
lands of Imperial Valley, California, as shown on the accompanying map
(Figure 1). The All-American Canal is the only significant source of
usable water for the nearly 500,000 acres and 120,000 inhabitants of
Imperial Valley." Completed in 1940, the canal was conceived and
constructed as the replacement for a transboundary canal system that
diverted water from the Colorado River in the United States, crossed into
Mexico, and traversed northern Baja California before recrossing the
border to deliver Imperial Valley's water supply.

9. Draft EIS/EIR, supra note 1, at 1-1.
10. On average, New York City receives over 40 inches of precipitation annually. Los
Angeles receives nearly 20 inches of precipitation annually. For background, see J. Abbot,
Notes From the Salton Sea, California (1940) (on file with the Imperial Irrigation District
Archives, El Centro, Cal.); Imperial Irrigation District, Annual Water Report (1989).
11. Bureau of the Census, U.S. Dep't of Commerce, County and City Data Book (1991).
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The original transboundary canal system was constructed in the
early 1900s by La Sociedad Irrigacion y Terrenos de la Baja California,
S.A., a Mexican sociedad anonima (corporation) controlled by the California
Development Company, a New Jersey corporation, the developer of
Imperial Valley, California. 2 The transboundary route was selected
because it represented the least costly means of transporting water from
the Colorado River to Imperial Valley. A canal alignment north of the
border would have encountered the large sand dunes northwest of
present-day Algodones, Baja California, requiring extensive (and
expensive) excavation work. The transboundary route also took
advantage of the natural Alamo River channel which for millions of years
had transported Colorado River floodwaters west and north to Imperial
Valley13and the Salton Sink, a natural depression nearly 300 feet below sea
level.
The transboundary canal system was operated by La Sociedad de
Riego y Terrenos de Baja California, S.A., the successor to La Sociedad de
Irrigacion y Terrenos under a concession granted by the Mexican
government in 1904. The concession permitted the foreign-owned S.A. to
own land in the border zone and to transport water through Mexico to
Imperial Valley in the United States. However, the S.A. was required, by
the terms of the concession, to make water available at a fixed price for
14
use in Mexico in an amount up to that delivered to the United States.

12. The initial stock issue of La Sociedad de Irrigacion y Terrenos de la Baja California
was 12,500 shares at a par value of 5 U.S. dollars per share. Twelve thousand shares were
issued to a General Andrade, Mexico's consul to the United States in Los Angeles at the
time, with the remaining 500 shares going to the California Development Company. In
return for his shares, General Andrade granted title to 100,000 acres of land along the
northern Mexican frontier to the California Development Company. Andrade retained
ownership of an additional 800,000 acres in Baja California west of the Colorado River that
had been granted to him by the Mexican government (Act of August 7, 1888). California
Development later gained sole control of La Sociedad de Irrigacion and Andrade's
remaining 800,000 acres. M. Dowd, History of the Imperial Irrigation District and the
Development of Imperial Valley (1956) (on file with the Imperial Irrigation District Archives,
El Centro, Cal.).
13. Essentially all of the irrigable area in Imperial Valley lies below sea level, making it
possible to irrigate these lands by gravity flow from the Colorado River, which at the
U.S.-Mexico border is about 150 feet above sea level.
14. The relevant terms of the concession were:
ARTICLE 1: The Sociedad de Irrigadon y Terrenos de la Baja California, S.A. is authorized
to carry through the canal which it has built in Mexican territory, and through other canals
that it may build, if convenient, water to an amount of 284 cubic meters per second from
the waters taken from the Colorado River and territory of the United States by the
California Development Co., and which waters this company has ceded to the Sociedad de
Irrigacion y Terrenos de la Baja California, S.A. It is also authorized to carry to the lands of
the United States the water with the exceptions of that mentioned in the following Article:
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2. Problems With the Transboundary Arrangement
Because the transboundary canal system made extensive use of
the old Alamo River Channel in Mexico, large quantities of water
diverted from the Colorado River were lost to seepage, evaporation and
consumption by riverbank vegetation before getting to the United
States. 5 Aside from requiring La Sociedad to deliver as much water to
Mexico as to the United States, the concession from the Mexican
government did not provide for transmission losses within Mexico.16
The issue of how these losses affected Mexico's entitlement to canal water
was never satisfactorily resolved from the United States' point of view
and became a point of great contention between water users in the two
countries. With the canal routed through Mexican territory, however,
irrigators in Mexico were more or less able to take water as they
pleased," to the detriment of users downstream in Imperial Valley.
Discrepancies in delivered volumes were attributed to losses by Mexican
users.
The physical characteristics of the transboundary canal system
presented another more significant problem when, in 1905, the Colorado
River, in flood, broke uncontrolled into the Alamo Canal. For over a year,
the entire discharge of the River was diverted into the Canal, across
northern Mexico and back to the United States into the Imperial Valley
and Salton Sink.' After numerous attempts, the break into the Alamo

ARTICLE 2: From the water mentioned in the foregoing article, enough shall be used to
irrigate the land susceptible of Irrigation in Lower California, with the water carried through
the canal or canals, without in any case the water used exceeding one-half of the volume
of the water passing through said canals.
Contract of May 17,1904, between the Secretary of State and Development in Representation
of the Executive of the Union and La Sociedad de Riego y Terrenos de la Baja California,
S.A., approved by the Congress of Mexico and communicated by the President to the
Secretary of State, Development, Colonization and Industry, June 10, 1904, Report of the
American Section of the International Water Commission United States and Mexico 140
(1940).
15. See G. James, Wonders of the Colorado Desert (1911) (describing the author's trip
down the Alamo River in 1906, during which he spent days hacking his way through a
jungle of overgrowth and dragging his boat over sand bars and accumulations of
driftwood).
16. See Contract of May 17, 1904, supra note 14, at art. 2.
17. Virtually all of the irrigated land in Baja California before 1930 was owned by the
United States interest and leased to Mexican and immigrant Chinese and Japanese farmers.
Report of the American Section of the International Water Commission United States and
Mexico 172 (1930).
18. "As the surge advanced across the Imperial Valley, it cut into the loamy soil at a
foot-per-second rate, forming a waterfall that marched backward toward the main channel.
Even as their fields were being eaten and as their homes swam away, the valley people
came out by the hundreds to see this apparition, a twenty foot fall moving backward at a
slow walk. By summer, virtually all of the Colorado River was out of its main channel and
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was finally controlled by Herculean efforts of the Southern Pacific
Railroad Company in February 1907." Over 500 square miles of largely
undeveloped land in Imperial Valley had been flooded" and canals in
both the United States and Mexico sustained significant damage, as did
facilities of the Southern Pacific Railroad.2'
The Southern Pacific Railroad secured a judgment against La
Sociedad de Riego y Terrenos in Mexican court for $900,000 in gold as
compensation for the damage to its facilities in the United States. The
court ordered that property owned by La Sociedad in Mexico be sold to
satisfy the judgment.' The Railroad also secured a judgment of
$1,500,000 in the California courts against the California Development
Company for damage to the Railroad's facilities.' These judgments (and
others) rendered the California Development Company and La Sociedad
de Riegos y Terrenos insolvent and their assets were acquired by
Southern Pacific under a settlement agreement.24
Southern Pacific transferred its California Development Company
and Sociedad de Riegos y Terrenos interests to the newly formed
Imperial Irrigation District in 1915.1 The District was formed following
petition by landowners to the Imperial County Board of Supervisors,
pursuant to California Irrigation District Law.' In the process, a new
Mexican company was formed to operate the transboundary canal
system, La Compania de Terrenos y Aguas de la Baja California, S.A. The

Sink had once again become the Salton Sea." M. Reisner, Cadillac Desert 128 (1986).
19. The Railroad was principally motivated by the prospective loss of its rights-of way
and improvements located below sea level in the Salton Sink area. Dowd, supra note 12, at
33.
20. Facilities of the New Liverpool Salt Company, located near the bottom of the Salton
Sink, were destroyed. The Company later obtained a judgmenf from the California
Development Company for $456,746.23. California Dev. Co. v. New Liverpool Salt Co., 172
F. 792 (9th Cir. 1909).
21. Dowd, supra note 12, at 35.
22. Id. at 41.
23. See Title Insurance and Trust Co. v. California Dev. Co., 152 P. 542, 550 (Cal. 1915)
(reporting that the Southern Pacific Railroad Co. had obtained a judgment against the
California Development Co. in the Superior Court of Los Angeles on December 30, 1909).
24. Report of the American Section of the International Water Commission United States
and Mexico 141 (1930).
25. Dowd, supra note 12, at 49.
26. Imperial Land Co. v. Imperial Irrigation District, 161 P. 113,116 (1916). Now codified
as CaL Water §§ 20500 et seq. Popular sentiment in the Imperial Valley at the time was for
a United States government takeover of the entire water distribution system. The newly
created United States Reclamation Service (now the United States Bureau of Reclamation)
conducted extensive studies and negotiations with the California Development Company
and local interests. However, the Attorney General of the United States concluded that "the
international features of the project were prohibitory under the law ...." Report of the
Director of the Reclamation Service (1905), cited in Dowd, supra note 12, at 27.
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1904 Mexican concession was extended to La Compania including the
provision allowing foreign ownership, but with some additional
provisions. Most important, La Compania was to have an existence
limited to 50 years from 1910 (when La Compania was formed), at which
time it was required to become entirely owned by Mexican nationals.

Operations continued through 1920 with mounting apprehension
on the part of United States interests concerning the possibility of a
repeat of the 1905-1907 flood. ' Meanwhile, mounting operating costs
caused the Imperial Irrigation District to ask the Mexican government to
raise water tariffs in Mexico. Although an increase from $U.S. 0.50 per

acre-foot to $U.S. 0.86 per acre-foot for water delivered in Mexico' was
granted in 1919, Imperial Valley water users continued to contend that
water users in Mexico were being subsidized by water users in the
United States.2' Also, agricultural development in Baja California was
continuing at a brisk pace. By 1925, over 200,000 acres were being

irrigated in Mexico from the transboundary canal system exacerbating the
'lost water' and subsidy issues." These difficulties encouraged Imperial

Valley water users to actively pursue construction of an "All-American"
canal.
B. The All-American Canal Lining Project
The difficulties associated with the transboundary canal system,
the prospect that the system would ultimately become Mexican-owned

and an increasing desire on the part of the United States Bureau of
Reclamation to expand its influence in the region, resulted in federal

authorization of the "All-American" canal project in 1928.31 Canal

27. By 1920, irrigation development in Imperial Valley had extended to the shores of the
Salton Sea. Another flood would have destroyed a significant amount of developed
agricultural land. Dowd, supra note 12, at 39.
28. An acre-foot, 43,500 cubic feet, or about 300,000 gallons, is about the volume of water
that a family of five in the United States uses in a year. An acre of irrigated land typically
requires from 4 to 6 acre-feet annually in the desert southwestern United States.
29. Water charges in the United States in 1911 were $U.S. 1.00 per acre-foot plus an
annual assessment of SU.S. 2.50 per hundred dollars of valuation. Dowd, supra note 12, at
74.
30. Report of the American Section of the International Water Commission United States
and Mexico 171 (1930).
31. 43 U.S.C. §§ 617-617t (1988) (Act effective as of June 25, 1929). This is the Boulder
Canyon Project Act, which also authorized the construction of Hoover Dam (formerly
known as the Boulder Dam). The Act was vigorously opposed by the influential Chandler
family of Los Angeles (and the Los Angeles Times), which had acquired control of much
of the land irrigated by the transboundary canal system in Mexico and much of the land
that could physically be irrigated from the transboundary canal system, a total of over
800,000 acres of land. See Reisner, supra note 18, at 130.
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construction was completed in 1940. The Canal alignment begins at
Imperial Dam on the Colorado River about 25 river miles upstream of the
international boundary and extends southwesterly to the vicinity of
Algodones, Baja California, where it turns and runs westerly along and
north of the Mexican border to the vicinity of Calexico, California, where
it discharges into various canals of the Imperial Irrigation District
formerly supplied by the transboundary canal system. (See Figure 1).
The All-American Canal is a large man-made channel with a
top-width of over 200 feet and a total length of over 60 miles. Operation
of the All-American Canal has greatly reduced the flow of surface water
from the Colorado River into northern Mexico, although most of the old
transboundary canal system is still used, in a limited capacity, to irrigate
lands south of the border. However, the Canal was constructed in sandy
desert soils without concrete lining and is believed to lose about 200,000
acre-feet of water to seepage into the ground every year' from the
approximately 3,500,000 acre-feet diverted into the Canal from the
Colorado River each year.' The United States Bureau of Reclamation
estimates that about 95 percent of this seepage flows underground into
the Mexicali Valley in Mexico, where it is pumped from wells for
irrigation use.'
The United States government now proposes to line a
23-mile-long portion of the 60-mile-long Canal with concrete to reduce
seepage losses by an estimated 70,000 acre-feet per year.' The water
conserved by the lining project would be made available for other uses
in the United States. 7 Specifically, the Metropolitan Water District of
Southern California, which provides water service to the urbanized
coastal plain of Southern California from Ventura County south to the
international border, is expected to pay for the canal lining project in

32. See Draft EIS/EIR, supra note 1, at 1-2.
33. See Draft EIS/EIR, supra note 1, at 111-3. This figure has been adjusted by the writer
to include the entire canal.
34. An acre-foot is a volume of water sufficient to cover an acre of land to a depth of one
foot. One acre-foot is the volume of water used by a typical family in the United States in
one year. Therefore, the All-American Canal annually transports enough water to supply
the domestic uses of about 15 million people.
35. Mexican water users annually pump over 500,000 acre-feet of water for irrigation
purposes in the Mexicali Valley. Draft EIS/EIR, supra note 1,at 111-5. Some experts estimate
that as much as 750,000 acre-feet of groundwater is pumped annually in the Mexicali Valley.
Interview with M. Clinton, former Special Assistant to the Undersecretary of the Interior,
Los Angeles, Cal. (Oct. 11, 1991).
36. The section to be lined is thought to lose about 100,000 acre-feet of water to seepage
and evaporation annually. The canal would still lose about 30,000 acre-feet per year when
lined for a net savings of 70,000 acre-feet per year. Draft EIS/EIR, supra note 1, at III-1.
37. Id.
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return for the right to divert the conserved water from the Colorado
River into Metropolitan's aqueduct.' In this way, the conserved water
would be transferred from agricultural use in Imperial to municipal use
in urban Southern California. The prospective reduction of transboundary
groundwater flow has predictably resulted in Mexico's present objections
to the project.
LEGAL SETTING
While there is little precedent for resolving disputes between the
United States and Mexico concerning groundwater, there is highly
developed law governing relations between the two countries with
respect to surface water resources. In 1944, the two countries ratified a
treaty apportioning the three great border rivers (the Tijuana, Colorado
and Rio Grande), and in 1977 they entered into a supplemental agreement
respecting water quality in the Colorado River. These agreements offer
models for successfully resolving international disputes arising from the
All-American Canal lining project.
A. The 1944 Treaty Between the United States and Mexico
The surface flow of the Colorado River was divided between the
United States and Mexico by the Treaty of 1944.* In addition to
apportioning the river flow between the two countries, the Treaty created
the International Boundary and Water Commission, United States and
Mexico, to resolve disputes arising under the Treaty. The Treaty provides
that the United States shall "in satisfaction of the Treaty" deliver 1.5
million acre-feet of water per year to Mexico in the Colorado River at the
international boundary.' Underground flows across the border are
expressly excluded from deliveries "in satisfaction of the Treaty"."' The
two countries subsequently agreed to minimum water quality
requirements, for surface water deliveries to Mexico. 2

38. The Metropolitan Water District, created by special act of the California legislature,
is one of the largest utilities in the world, serving as a water "wholesaler" to the various
cities and agencies that provide domestic water services to the more than 15 million
inhabitants of the urban Southern California coastal plain.
39. Treaty Respecting Utilization of the Colorado and Tijuana Rivers and the Rio Grande,
Feb. 3, 1944, United States-Mexico, 59 Stat. 1219.
40. Id.

41. Id.
42. In 1973, Mexico agreed in Minute No. 242 to accept deliveries of water of marginal
quality for irrigation purposes. M. Holburt, The 1973 Agreement on Colorado River Salinity
Bet n the United States and Mexico (Proceedings, The National Conference on Irrigation
Return Flow Quality Management, Fort Collins, Colo., May 1977).
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Although the Treaty of 1944 does not expressly forbid the United
States from reducing the underground flow into Mexico by lining the
All-American Canal, the Treaty could be construed as requiring
maintenance of the underground flow that existed at the time the treaty
was made. Under this argument, maintenance of 1944 groundwater
conditions would be an implied condition of the Treaty of 1944. An
analogous situation involving water quality issues was resolved by the
United States and Mexico through a supplemental agreement respecting
water quality in 1973. The 1973 agreement provides a model for
resolution of the disputes arising from the All-American Canal lining
project.
While allocating 1.5 million acre-feet of Colorado River water to
Mexico, the Treaty of 1944 was silent as to the 'quality' of water to be
delivered. Water quality in this context refers to salinity, or the amount
of total dissolved salts (TDS) contained in the water. TDS is normally
expressed in parts per million or ppm. Water with TDS greater than
about 1000 ppm is generally considered unfit for irrigation purposes.43
At the time the 1944 Treaty was being considered for ratification,
United States treaty negotiators testified before the Senate Foreign
Relations Committee that as much as 500,000 to 750,000 acre-feet of water
per year could be delivered to Mexico in satisfaction of the Treaty even
if it was unsuitable for irrigation purposes.' Indeed, Article 10 of the
Treaty provides that Mexico's allotment would include river water from
"any and all sources . . for any purpose whatsoever," and Article 11
provides that those "waters shall be made up of the waters of said river
whatever their origin."4 At the time the Treaty was being negotiated,
the United States was actively planning increased irrigation development
in the border region which was expected to increase Colorado River
salinity.' Assured by the negotiators, the United States Senate approved
the Treaty by a vote of 76 to 10.

43. Parts per million (ppm) is a proportional measure of weight, i.e., so many pounds of
TDS per million pounds of saline solution. B. Gindler & M. Holburt, Water SalinityProblems:
Approaches to Legal and EngineeringSolutions, 9 Nat. Res. J. 329, 332 (1969).
44. Testimony of R.J. Tipton, Consulting Engineer, Int'l Boundary & Water Comm'n, U.S.
Section, in Hearings on the Treaty with Mexico Relating to the Utilization of the Waters of Certain
Rivers Before the Senate Foreign Relations Comm., 79th Cong. 1st Sess., pt. 2, at 341-42, cited in
M. Holburt, InternationalProblems of the Colorado River, 15 Nat. Res. J. 11, 13 (1975).
45. Treaty of 1944, supra note 39.
46. Irrigation with river water can increase river water salinity when the water that is left
over after irrigation drains back to the river, the return flow contains a higher concentration
of salts than the water originally diverted because the irrigation water was distilled by crop
evapotranspiration, leaving saltier water to return to the river.
47. Of the 14 senators from the Colorado Basin states (Arizona, California, Colorado,
Nevada, New Mexico, Utah and Wyoming), only the two California senators and one of the
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Mexican negotiators, on the other hand, advised the Mexican
Senate that the two countries had come to an understanding that the
water delivered pursuant to the Treaty would be of good quality, similar
to that being received by Mexico at the time, but never worse than that
of the river water at Imperial Dam, the last point of diversion within the
United States.' The Mexican Senate unanimously ratified the Treaty in
September 1944.49
B. Minute No. 242
By 1961, irrigation development in southwestern Arizona began
to increase the salinity of the Colorado River water being delivered to
Mexico pursuant to the Treaty of 1944. The federally constructed
Wellton-Mohawk project'
included construction of wells that
discharged highly saline drainage waters generated by the project into the
river. Also, the filling of the newly constructed Glen Canyon Dam near
the Arizona-Utah border reduced freshwater flows to Mexico. As a result,
Colorado River water deliveries to Mexico increased in salinity from
about 800 ppm TDS in 1960 to over 1500 ppm TDS in 1962."'
Mexico objected to the salinity increase as a violation of the
Treaty of 1944 and the United States took Mexico's claim seriously. The
two countries negotiated a series of settlement agreements culminating
in Minute No. 242 of the International Boundary Water Commission 2
which provides for:
*Construction of the world's largest desalting plant and
appurtenant works for desalting 143,000 acre-feet of Wellton-Mohawk
drainage water per year.

Nevada senators voted against the Treaty. Senator Downey of California predicted that in
light of increased irrigation development north of the border, the ambiguity in the treaty
respecting water quality would cause Mexico to return in 25 to 30 years and demand better
water quality. Holburt, supra note 44, at 13.
48. El Tratado de los 3 Rios ante el Senado, Opina la Secretaria de Relaciones: el Criterio de
Mexico: Amplia Exposicion del Ingeniero F. MacGregor; Analisis tecnico del Ingeniero 0. Alba,
Estudio de Objectiones, El Unirrsal(Mexico City), Aug. 1, 1945, reprintedin S. Doc. No. 98,79th
Cong., 1st Sess. 16 (1945).
49. S. Doc. No. 249, 79th Cong., 2nd Sess. 4 (1946).
50. The Wellton-Mohawk Project was authorized by the Gila Reclamation Project
Relocation Act, 43 US.C. §§ 613-613e (1970) (omitted from current version of U.S.C. due to
its limited applicability).
51. Holburt, supra note 44, at 15.
52. Minute No. 242, Int'l Boundary & Water Comm'n (Aug. 30, 1973), 69 State Dep't Bull.
395 (1973), reprinted in 15 Nat. Res. J. 2 (1975). (Rulings, decisions, and other official actions
of the Comm'n are referred to as "minutes").
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*Lining 49 miles of the Coachella Canal in California with
concrete (see Figure 1). The reduced seepage would replace the volume
of brine produced by the desalination plant.
*Reduction of irrigated acreage in Wellton-Mohawk and
improved irrigation efficiency on the remaining irrigated lands.
*Construction of an open drain to carry brine from the new
desalting plant directly to the Sea of Cortez. s
To date, the United States has spent at least $1 billion in
attempting to achieve these requirements with some improvement in the
quality of water deliveries to Mexico.' On the other hand, the United
States has avoided liability for special damages arising from its delivery
of saline water to Mexico and is still not required to deliver water of any
specified minimum TDS to Mexico. The Treaty does, however, evidence
an intent on the part of the United States to satisfy what Mexico
understood as the implied conditions of the Treaty of 1944 and
(ultimately) deliver usable water to Mexico. Obviously, solutions to
Mexico's objections to the All-American Canal lining project involve
different issues, but the Minute No. 242 agreement offers a useful
indication of the kind of approach that the United States and Mexico may
take to resolve the instant dispute.
C. Groundwater and Pumping Wars
The Mexican Constitution provides for private ownership of land
and for landowner development and use of groundwater resources
subject to federal regulation. The Mexican Constitution also provides
for redistribution of natural resources (including groundwater) from

53. Office of Saline Water & Bureau of Reclamation, U.S. Dep't of the Interior, Colorado
River International Salinity Control Project: Special Report 9 (1973).
54. The desalting plant, required by Minute No. 242, was to be operational by 1978. It is
not fully operational as of this writing and was the subject of an investigation and highly
critical report prepared by the General Accounting Office. The average salinity of the
Colorado River at the International Boundary has decreased from about 970 ppm in 1974
to about 880 ppm in 1991. The differential (increase) in salinity between the River at
Imperial Dam and the border has decreased by about 10 percent from 120 ppm to 110 ppm
(unpublished data of the Colorado River Board of California (1992)).
55. "Ownership of the lands and waters within the boundaries of the national territory
is vested originally in the Nation, which has had, and has the right to transfer title thereof
to private persons, thereby constituting private property .... Underground waters may be
brought to the surface by artificial works and utilized by the surface owner, but if the public
interest so requires or use by others is affected, the Federal Executive may regulate its
extraction, and even establish prohibited areas, the same as may be done with other waters
in the public domain." Const. art. 27 (Constitucion Politica de los Estados Unidos
Mexicanos).
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agricultural interests to cities for municipal uses when population growth
requires it.So far, the Mexican government has exercised its prerogative to
regulate groundwater use in the transboundary area only once. In 1972,
in order to forestall a transboundary 'pumping war', Mexico (as did the
United States) limited pumping within five miles of the international
border in the vicinity of San Luis, Sonora. Agricultural development on
both sides of the border had resulted in increased pumping such that
groundwater was in danger of being extracted more rapidly than it was
being recharged by natural processes.m
When pumping exceeds recharge, the ability of underground
geologic formations to store groundwater can be permanently reduced
and ultimately, the groundwater resource can be entirely depleted. In the
absence of legal controls, competition for groundwater resources can
result in pumping wars between competitive users. Because the
groundwater supply is finite and cannot be physically protected from use
by others, pumping wars can result in inefficient exploitation of
groundwater resources. One users groundwater may not be conserved by
foregoing pumping because pumping by other users can deplete the
common supply. Therefore, in the absence of legal controls, groundwater
may be extracted even when it may be economically inefficient to do so.
Also, irreparable damage to water-bearing geologic formations can occur,
destroying unique opportunities for future management and low cost
temporary storage of water supplies s9

56. "Centers of population which at present either have no lands or which do not possess
them in sufficient quantities for the needs of their inhabitants shall be entitled to grants
thereof, which shall be taken from adjacent properties, the rights of small landed holdings
in operation being respected at all time." Const. art. 27 (Constitucion Politica de los Estados
Unidos Mexicanos).
57. By 1972, Mexican interests had constructed some 63 wells near San Luis, Sonora, not
far from Yuma, Arizona. The wells discharged into concrete-lined canals which distributed
the water to lands near San Luis for irrigation purposes. The wells extracted groundwater
resulting from irrigation of the Yuma Mesa in the United States with waters of the Colorado
River. Therefore, Mexico was arguably using Colorado River water that was not charged
against its allocation under the Treaty of 1944 with the United States since underground
flow is not considered as "deliveries in satisfaction of the Treaty." Treaty of 1944, supra note
39, cited in M. Bradley & K. DeCook, Ground Water Occurrence and Utilization in the
Arizona-Sonora Border Regions, 18 Nat. Res. J.29, 37 (1978).
58. Groundwater results when precipitation and surface water seep into the ground.
Todd, supra note 6, at 23.
59. When surface water supplies are abundant (in wet years), surplus surface water can
be used in place of groundwater pumping, thus, "storing" unused groundwater through
"in-lieu recharge" of the groundwater reservoir. In some cases, surplus surface water
supplies can also be spread on the surface in order to effectuate artificial recharge of
underground water bearing formations. In either case, the groundwater formation is used
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In addition to the San Luis situation, Mexico is facing or is
involved with two other potential pumping wars: one in the Nogales,
Sonora/Nogales, Arizona area and one in the Ciudad Juarez,
Chihuahua/El Paso, Texas area. In both cases, burgeoning populations
have placed extraordinary demands on local groundwater resources.'
In the absence of transboundary controls, each nation is exploiting
groundwater resources as quickly as possible. There is no incentive to
plan regionally for long-term use of the groundwater resource when
individual water users realize that, "if we don't pump it, they will." An
additional problem is that there is no opportunity for private negotiation
of groundwater use arrangements in Mexico because without a defined
property interest in groundwater, Mexican landowners are unable to
negotiate a settlement with United States interests who would pay for
legally enforceable property rights. Also, the impracticability of legally
enforcing such transboundary agreements dissuades such water transfer
arrangements on both sides of the border.
Although the All-American Canal lining project differs from the
San Luis and Ciudad Juarez situations in that no pumping is occurring
on the United States side of the border, lining the canal would have the
same physical effect on Mexican groundwater users as increased United
States pumping. Decreased seepage from the Canal would increase the
rate at which the transboundary groundwater resource is depleted by
Mexican pumping. As in San Luis and Ciudad Juarez, Mexico would lose
a portion of its groundwater resource due to actions north of the border.
Mexico's recourse to the lining project may be to legally challenge the
United States' action.61
D. Legal Implications in the United States
Regulation of groundwater in the United States is generally a
matter for the individual states.' Federal interests are implicated when
state groundwater regulation impedes interstate commerce' 3 or when

as a valuable storage reservoir for dry periods. See Todd, supra note 6,at 353.
60. See Bradley & DeCook, supra note 57.
61. Mexico has informally made known its intention to assert a diplomatic protest if the
All-American Canal lining project is pursued.
62. See Cal. Oregon Power Co. v. Beaver Portland Cement Co., 295 US. 142 (1935) in
which the Court held that Congress, pursuant to the Desert Land Act of 1877, 143 U.S.C. §
321 (1988), had delegated to the individual western states the power to regulate water rights
within their borders "as they deem wise in the public interest." Id. at 163.
63. See Sporhase v. Nebraska, 458 US. 941, 957 (1982) (holding unconstitutional a state
prohibition on the extraction of groundwater for use in another state as an "explicit barrier
to [interstate] commerce," violative of the commerce clause).
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such regulation runs afoul of other constitutional guarantees or federal
statutes pursuant to the supremacy clause."
In this case, neither federal nor state law would prohibit lining
the canal. The All-American Canal is a federally constructed project,'
and the lining of the All-American Canal was authorized by the United
States Congress through the San Luis Rey Indian Water Rights Settlement
Act." California groundwater law also does not prohibit lining the
canal. There is no requirement in California that a party that is causing
water to enter the ground and become groundwater must maintain that
source of recharge. Therefore, regulation of transboundary groundwater
originating as seepage from the All-American Canal appears to be solely
a federal matter within the United States. It follows that the resolution of
international disputes arising from the lining project is the responsibility
of the United States government, particularly since treaty obligations are
involved.
CONVENTIONAL DISPUTE RESOLUTION MECHANISMS
Lining the All-American Canal is expected to decrease the flow
of groundwater into Baja California Norte by 70,000 acre-feet per year,
which is equivalent to about 10 to 15 percent of the total groundwater
use in the Mexicali Valley. As a result of the decrease, because Mexico is
presently using its full Colorado River entitlement, Mexico would
probably: 1) increase groundwater pumping in the vicinity of San Luis,
Sonora, and Tijuana (which could threaten United States interests in San
Diego County, California); and/or 2) challenge the lining project based
on a claim that lining the Canal is in violation of certain covenants
implied in the Treaty of 1944' " or Minute No. 242.6 However, recent
developments in the United States offer models for resolving these
difficulties without conflict and with potential benefits for both countries.
Violation of the Treaty of 1944
Mexico could claim that lining the All-American Canal violates
implied terms of the Treaty of 1944.' As discussed above, Mexico might
claim that continued seepage from the All-American Canal was an
implied condition of the Treaty and was factored into the original deal.
A.

64. See California v. FERC, 495 U.S. 490 (1990) (holding that the federal regulatory scheme
respecting hydroelectric generation (the Federal Power Act) preempts conflicting state

regulation of stream flows).
65. See 43 U.S.C. §§ 617-617t.
66. Pub. L. 100-675, 102 Stat. 4000 (1988).
67. See Treaty of 1944, supra note 39.
68. See Minute No. 242, supra note 52.
69. See Treaty of 1944, supra note 39.
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They may say they bargained for 1.5 million acre-feet plus the 70,000
acre-feet of seepage which would be eliminated by the lining project. Like
the dispute that led to Minute No. 242, Mexico's argument could be that
an implied condition in the Treaty of 1944 obligates the United States to
either refrain from the lining project or alternatively to make Mexico
whole.
The United States and Mexico are both parties to the Vienna
Convention on the Law of Treaties,' which furnishes general rules of
treaty interpretation,7 provides for rescission or reformation in the light
of changed conditions,' and provides that treaties are to be construed
to be consistent with the common law of nations.7 General international
law respecting groundwater resources is in its infancy but as it develops
it should borrow heavily from the established international law of other
shared resources. As articulated by Professors Utton and Teclaff, common
natural resources are to be shared equitably between the states that are
entitled to use them, recognizing that each state's sovereignty is limited
with respect to the resource, and that each state has a duty to
cooperatively develop and protect the resource for the common benefit.
Also, each state is liable to the other for transboundary injury originating
in their respective territories.74
The Treaty of 1944, construed in accordance with these principles
of international law, precludes a unilateral action like the All-American
Canal lining project that would reduce the established flow of
groundwater across the United States/Mexico border, particularly where
existing groundwater uses would be adversely affected. The Treaty
represents a cooperative effort to jointly use and protect transboundary
surface and, by implication, subsurface water resources. The lining
project, however, assumes that the United States enjoys complete
sovereignty over the groundwater within its territory, fails to protect the

70. Vienna Convention on the Law of Treaties, Jan. 27, 1980, T.S. 58 (there are
approximately 40 parties to the Convention). See also Basic Documents in International Law
(I. Brownlie ed., 1983) (providing the text of the Convention). The Convention "is the
outcome of the work of the International Law Commission and two sessions of the United
Nations Conference on the Law of Treaties held in 1968 and 1969." Id. at 349.
71. Id. at art. 31 (General Rule of Interpretation).
72. Id. at art. 62 (Fundamental Change of Circumstances).
73. "A treaty is void if, at the time of its conclusion, it conflicts with a peremptory norm
of general international law. For the purposes of the present Convention, a peremptory
norm of general international law is a norm accepted and recognized by the international
community of states as a whole as a norm from which no derogation is permitted and
which can be modified only by a subsequent norm of general international law having the
same character." Vienna Convention on the Law of Treaties, supra note 70, at art. 53.
74. A. Utton & L.Teclaff, Transboundary Resources Law 4 (1987).
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resource, and injures water users in Mexico. The same argument would
support an assertion that the lining project violates Minute No. 242.
B. Violation of Minute No. 242
In addition to arguing that lining the All-American Canal would
violate the Treaty of 1944, Mexico could also assert a violation of an
implied term of Minute No. 242. Mexico could argue that the agreements
reached in the Minute are conditioned on the continued subsurface flow
of relatively high quality water from the All-American Canal.
Accordingly, Mexico could contend that it agreed to the terms of the
Minute with the understanding that the subsurface flow would continue.
Mexico's imported Colorado River water supply therefore was intended
to consist of two parts transboundary groundwater and 15 parts of
somewhat lower quality surface water. Since any decrease in the higher
quality subsurface transboundary flow would necessarily result in a
decrease in the quality of the water received by Mexico, the lining project
would violate Minute No. 242 interpreted in light of the general
international law principles described above.
C. Dispute Resolution
If the United States and Mexico are unable to agree on solutions
to the various issues raised by the All-American Canal lining project, the
resultant dispute could be submitted to international arbitration or to the
International Court of Justice for resolution. The matter is already being
considered by the International Boundary and Water Commission.
However, the complex technical issues implicated by the lining project
may not be suited to resolution by these conventional means. An
inadequate resolution of the dispute could result in less than optimal
management of the transboundary groundwater resource to the detriment
of both the United States and Mexico. Instead, the two countries could
develop a comprehensive water management plan for the border region
that would benefit both countries and make optimal use of transboundary
water resources. This would be a logical adjunct to implementation of the
North American Free Trade Aqueduct and border plans for development
of border zone maquiladoras.
1.

International Boundary and Water Commission
Regardless of whether Mexico claims that the All-American Canal
lining project violates the Treaty of 1944 or Minute No. 242, it is entitled
to assert a claim against the United States before the International
Boundary and Water Commission, United States and Mexico. The
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Commission, created by the Treaty of 1944,1 consists of a United States
Section and a Mexican Section, each of which is headed by an Engineer
Commissioner who is accorded diplomatic status by the other nation.'
The Commission is empowered to resolve any and all disputes
between the United States and Mexico arising from the observance and
execution of the Treaty of 1944 and Minute No. 242. However, the
Commission's jurisdiction is limited to the land, water and works
constructed on the international border?' Works constructed, acquired,
or used in fulfillment of the Treaties that are located wholly within a
country are under the exclusive jurisdiction of that country's Commission
Section.'h
It is not at all clear that the All-American Canal is "constructed,
acquired, or used in fulfillment of the Treaty;" but even if it is, since the
canal is located entirely within the United States, it would not be within
the jurisdiction of the entire Commission but only of the United States
Section.' It is unlikely that a solution fashioned solely by a United
States agency would adequately address Mexican interests or otherwise
be acceptable to Mexico.
2. International Arbitration
The United States and Mexico are both parties to the
Inter-American Arbitration Treaty of 1 9 2 9,80 which provides for
arbitration of "all differences of an international character ... [arising]
under treaty or otherwise . . . " including questions of international
law."' Therefore Mexico could seek arbitration of its claims based either
on Treaty violations or on international law concepts. Under the
Arbitration Treaty, the United States and Mexico would select an
arbitration panel that would evaluate the transboundary groundwater

75. The International Boundary and Water Commission replaced the old International
Boundary Commission that was established in 1889 to deal primarily with border
delineation problems caused by the continuously shifting river beds of the Colorado River
and Rio Grande. Treaty of 1944, supra note 39, at art. 2.
76. Each country's Section consists of an Engineer Commissioner, two principal engineers,
a legal advisor and a secretary, all of whom are entitled to diplomatic immunity in the
territory of the other country. Treaty of 1944, supra note 39, at art. 2.

77. Id.
78. Id.
79. Whether the United States Congress or President is compelled to respect an action by
the International Boundary and Water Commission which interfered significantly with a
federal project is an open question.
80. Inter-American Arbitration Treaty between the United States and Other American
Republics, Jan. 5, 1929, 49 Stat. 3153 (there are approximately twenty parties to the Treaty,
though some with reservations).
81. Id. at 3158.
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situation as affected by the All-American Canal lining project and devise
a remedy.
Similar arbitrations, following United States judicial precedent,'
have adopted the equitable apportionment doctrine' to resolve
international disputes over resource allocations. Equitable apportionment
theoretically takes into account the needs of both countries, costs of
satisfying those needs, and likely benefits. The object is to achieve an
optimal distribution of resources recognizing all relevant socioeconomic
and physical factors."
The principal danger of an arbitrated solution is that an
arbitration panel may not be capable of fully understanding the highly
complex and technical matters involved in a dispute of this nature in a
timely manner. Also, the relief fashioned by an arbitrator may be less
than optimal, aimed primarily at a naked mathematical apportionment of
the resource, rather than going beyond mere apportionment to
imaginative solutions that can benefit both parties'to the dispute. Like the
baby in Solomon's case, a groundwater resource, once cut in two, has
limited appeal to either party because of the inability of either party to
manage its half free from interference by the other party.
3. International Litigation
Alternatively, Mexico could assert a claim against the United
States before the International Court of Justice. As in arbitration, Mexico's
claim would be based on Treaty violations and on international law

82.
"There are certain decisions of the Supreme Court of the United States
which may legitimately be taken as a guide in this field of international
law, for it is reasonable to follow by analogy, in international cases,
precedents established by the Court in dealing with controversies
between states of the Union ... where no contrary rule prevails in
international law and no reason for rejecting such precedents can be
adduced from the limitations to sovereignty inherent in the
Constitution of the United States. Trail Smelter Decisions (U.S. v. Can.),
3 R. Int'l Arb. Awards 1905, 1065 (1941), reprinted in 35 Am. J. Int'l L.
684, 714 (1941).
83. For an historic perspective on international groundwater law and the equitable
apportionment doctrine, see D. Caponera, Principlesfor International Groundwater Law, in
International Groundwater Law 25 (L. Teclaff & A. Utton eds., 1978).
84. "(Plhysical and climatic conditions, the consumptive use of water in several sections
of the river, the character and rate of return flows, the extent of established uses, the
availability of storage water, the practical effect of wasteful uses on downstream areas, the
damage to upstream areas as compared to the benefits to downstream areas if a limitation
is imposed on the former-these are all relevant factors[,] ... not an exhaustive catalog...
[but) they indicate the problem of apportionment and the delicate adjustment of interests
that must be made." Nebraska v. Wyoming, 325 U.S. 589, 618 (1945).
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grounds. The Court would evaluate the case in light of the Helsinki
Ruless regarding international water resources. The Helsinki Rules
essentially codify the equitable apportionment doctrines" and, like the
equitable apportionment doctrine, would be applied by an international
tribunal that may be ill-equipped and have insufficient time to deal with
the complex technical matters implicated by a major public works project
such as the All-American Canal lining project. The International Court,
like an international arbitrator, is only authorized to analyze legal
questions such as apportionment. The Court as a judicial body is not the
appropriate forum for conceiving and evaluating potential engineering
solutions to transboundary resource problems.
Therefore, conventional legal dispute resolution mechanisms,
while they may be capable of allocating groundwater resources between
the United States and Mexico by enjoining the All-American Canal lining
project, or by assessing damages against the United States once the Canal
is lined, are not suitable mechanisms for fashioning an optimal technical
solution for groundwater management in the transboundary region.
Solutions offering substantial benefits to both countries should be
developed and implemented through good faith negotiation between the

85. Int'l Law Ass'n, Helsinki Rules on the Uses of the Waters of Int'l Rivers, art. 5 (1967)
(adopted by the Int'l Law Ass'n at the 52nd Conference held in Helsinki on August 20,
1966), reprinted in Management of International Water Resources: Institutional and Legal
Aspects, U.N. Doc. St/ESA/5 188-89 (1975).
86. Id. The Rules identify the following factors to be considered in apportioning
international water resources:
(a) the geography of the basin, including in particular the extent of the drainage
area in the territory of each basin state;
(b) the hydrology of the basin, including in particular the contribution of water
by each basin state;
(c) the climate affecting the basin;
(d) the past utilization of the waters of the basin, including in particular existing
utilization;
(e) the economic and social needs of each basin state;
(f) the population dependent on the waters of the basin in each basin state;
(g) the comparative costs of alternative means of satisfying the economic and
social needs of each basin state;
(h) the availability of other resources;
(i) the avoidance of unnecessary waste in the utilization of waters of the basin;
(j) the practicability of compensation to one or more of the co-basin states as a
means of adjusting conflicts among uses; and
(k) the degree to which the needs of a basin state may be satisfied, without
causing substantial injury to a co-basin state ....
Id. The weight to be given each factor is to be determined by its importance in comparison
with that of other relevant factors. In determining what is a reasonable and equitable share,
all relevant factors are to be considered together with a conclusion reached on the basis of
the whole.
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two countries. Several physically and legally feasible elements that could
be incorporated into such a solution are described briefly below.
ELEMENTS OF A TRANSBOUNDARY SOLUTION
The United States is pursuing the All-American Canal lining
project as a way to supplement its fresh water supplies. Mexico objects
to the Project on the grounds that it will, in turn, reduce its fresh water
supplies. On the face of the issue, the needs of the two countries are
mutually exclusive. However, a number of innovative projects could be
constructed that would significantly increase fresh water supplies to both
countries. By constructing some or all of the projects described below, the
transboundary groundwater dispute could be resolved to the mutual
benefit of both countries with positive environmental benefits, and at a
lower cost than alternative fresh water supply projects in either country.
A. Yuma-Mexicali Pipeline
The Mexicali Valley is experiencing explosive population growth
as people continue to migrate from southern and central Mexico to the
border region.' Mexicali now has a population in excess of 1,000,000.
With the population increase has come an increased demand for potable
water." Most of Mexicali's potable water supply is presently derived
from groundwater, much of which originates as seepage from the
All-American Canal. Continued agricultural water use, pumping beyond
recharge rates, increasing toxic contamination of groundwater sources in
Mexico, and the All-American Canal lining project are all threatening
Mexicali's potable water supply. Mexicali's water supply problems could
be mitigated by constructing a fresh water pipeline from the existing
Yuma desalination plant to Mexicali.
Pursuant to Minute No. 242, the United States is constructing the
world's largest desalination plant near Yuma, Arizona. It is intended that
the plant, when it becomes operational, will extract a portion of the
return flow to the Colorado River, remove the dissolved salts and
impurities from that portion, and discharge the purified water back into
the river to dilute (reduce the salinity of) the river water to be delivered
to Mexico. Instead of returning the purified water to the river, the water
could be piped directly to Mexicali for human consumption. Because the
water delivered to Mexicali through the pipeline would be of relatively

87. See Carpenter & Blackwood, supra note 2.
88. Id.
89. At an average use of 0.2 acre-feet per person annually, Mexicali presently requires
something on the order of 200,000 acre-feet of potable water annually to satisfy its municipal
water demands.
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high quality, it could even be blended with the poorer quality Mexicali
groundwater to produce a larger quantity of water acceptable for
municipal purposes.
A Yuma/Mexicali pipeline could serve as an inducement to
Mexico to waive future claims against the United States arising from the
Treaty of 1944 and/or Minute No. 242. The Metropolitan Water District
of Southern California might pay for pipeline construction and operating
costs to the extent that Mexico would make available additional Colorado
River water for Metropolitan to divert to the Southern California coastal
plain. For example, for each acre-foot of pure water delivered through the
pipeline, Mexico could forgo two acre-feet of its lower quality Colorado
River entitlement, representing a quantity benefit to the United States. In
turn, the extremely high quality water delivered to Mexico would be
used for high value domestic and industrial purposes instead of relatively
low value agricultural uses of Colorado River water, representing a value
benefit to Mexico. A Yuma/Mexicali pipeline could also be an integral
part of the sewage effluent reuse scheme described below.
B. Groundwater Banking
The All-American Canal lining project is intended to transfer a
portion of the yield of the Colorado River system from one use, canal
seepage, to another, municipal consumption in urban Southern California.
The project could be replaced or supplemented by a groundwater
banking program that would increase the yield of the Colorado River
system.
Increased demands from Arizona and Nevada for Colorado River
water supplies have resulted in the first real supply shortage on the
Colorado River system since Hoover Dam was filled in the 1930s. In 1990,
California's demands from the river slightly exceeded its allocation of
Colorado River water.9 Continued population growth in urban Southern
California and increasing demands from Arizona and Nevada, as well as
from upper basin states such as New Mexico, Colorado, and Utah, will
likely exacerbate these shortages. Additional reservoir storage on the
Colorado River would increase the long-term yield of the river system by
capturing water that would otherwise be lost to the sea when existing
reservoirs are full. Constructing new dams in the United States to provide
the needed storage is presently not feasible, due to environmental
regulation and political opposition to dam construction. Also,
construction costs and evaporation losses could make the resulting yield

90. California water users are likely to exceed their 4.4 million acre-feet Colorado River
allocation again in 1992. (Temporary shortages occurred when Glen Canyon Dam was being
filled in the 1960s.)
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increases prohibitively expensive. However, water could be stored
underground in Mexico, increasing the yield of the River without any
significant adverse environmental impact at reasonable cost.91
Groundwater banking would take place as follows. In wet years,
surplus water could be delivered to lands in Mexico presently irrigated
by groundwater. Mexican groundwater pumps would be turned off and
water that would otherwise have been removed would remain
underground, banked for later withdrawal. Canals and pipelines would
have to be constructed to bring River water to lands now irrigated with
groundwater. Facilities would also be constructed to transport water from
Mexican wells to land in Mexico presently irrigated with River water.
During dry years, Mexico would forgo a portion of its Treaty of 1944
entitlement, making it available for use in the United States. In return,
Mexico would pump and use the groundwater that was banked earlier.
The required facilities would be paid for by United States water users
who would benefit from increased availability of Colorado River water.
This scheme would permit the United States to operate its
Colorado River reservoirs less conservatively so that some of the water
that is presently wasted to the sea would be captured and put to use.'
Also, Mexican groundwater levels would be higher than they would be
without groundwater banking, resulting in decreased pumping costs in
Mexico. The scheme could be structured to require a minimum 'balance'
in the Mexican groundwater 'bank', minimum required River deliveries
to Mexico, and a differential between 'deposits' and 'withdrawals'; for
example, 5 acre-feet would have to be deposited for every 4 acre-feet
withdrawn to allow for losses, measurement inaccuracies, quality
differentials, et cetera. A groundwater banking program, therefore, has
the potential of increasing Colorado River yield without adverse
environmental impact, while improving groundwater and economic

91. Regardless of how benign a given project is, the author is certain that some negative
impact can be discovered or invented by one special interest group or another. The
"reasonableness" of water supply project costs can be evaluated by comparison to the cost
of water produced by alternative water supply projects. In California, "new" water is
presently valued at from $200 per acre-foot, representing technically feasible, but politically
unlikely water diversions from Northern California to Southern California, to $2,000 per
acre-foot representing desalination of sea water. Several coastal communities have already
constructed desalination plants.
92. On the Colorado River system, reservoirs are operated in accordance with certain risk
and probability analyses which weigh the risk of inadequate water storage against the risk
that a wet winter will overfill the reservoirs, resulting in water being wasted to the sea.
Since 1983, over 20 million acre-feet of water have been spilled to the Sea of Cortez over and
above Mexico's Colorado River entitlement (unpublished 1991 statistics, available from the
Colorado River Board of California).
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conditions in Mexico. Similar projects are presently being implemented
in California to increase the yield of the California State Water Project."
The necessary facilities could be paid for by water users in the
United States such as the Metropolitan Water District of Southern
California. In return, the increased yield of the Colorado River system
would be made available to those users or shared with Mexico. Mexico
would also benefit from decreased pumping costs and increased crop
yields, due to improved water distribution efficiencies made possible by
the new distribution facilities. Obviously, a groundwater banking
program could be incorporated with other benefits for Mexico, such as
the Yuma/Mexicali pipeline described above or the other project concepts
described below.
C. Effluent Exchange Programs
Raw and partially treated sewage from the Mexicali metropolitan
complex flows north across the border into Imperial County, California,
in the New and Alamo Rivers, ultimately making its way into the Salton
Sea, where the water in the sewage evaporates, leaving behind heavy
metals and other toxic pollutants. As a result of the sewage flow, the
New River is widely regarded as the dirtiest, most polluted waterway in
the world and the Salton Sea is rapidly becoming unfit habitat for life of
any kind. Sewage collection and treatment facilities could be constructed
in Mexico to treat Mexicali sewage to a level that would correct these
problems. The treated sewage effluent, the relatively clean water
remaining after the sewage treatment process, could be delivered to the
Imperial Valley for use for irrigation purposes."4 In return, the United
States would deliver a like amount of Colorado River water to Mexico.
Alternatively, Mexico could use the sewage effluent itself for
irrigation in the Mexicali Valley. In return, Mexico would forego a like
quantity of its Colorado River entitlement. In this way, water that is
presently lost as sewage effluent into the Salton Sea would be conserved,
while improving environmental conditions in the border region. Again,
water users in the United States such as Metropolitan Water District
would pay for the sewage treatment and effluent distribution facilities in
return for treated New River water or additional Colorado River water.
More ambitious effluent exchange programs could involve
treating sewage from urban Southern California and transporting the

93. See Bookman-Edmonston Engineering, Inc., Feasibility of the Semitropic Element of
the Kern Water Bank (1989) (describing an in-lieu groundwater banking project being
implemented in central California that will result in a 40,000 acre-foot annual increase in the
State Water Project yield at a cost of about $200 per acre-foot).
94. The effluent could be delivered to the United States through the old transboundary
canal system.
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effluent to the Imperial and Mexicali Valleys for irrigation use. In return
for the treated effluent and possibly some financial support, Mexico and
Imperial Valley water users would make a portion of their Colorado
River supplies available for transport to urban Southern California and
Tijuana for domestic and industrial uses. Because treated effluent,
although suitable for bodily contact and irrigation purposes, cannot
legally be used for domestic purposes, separate domestic water
distribution systems would be required in the Imperial and Mexicali
Valleys. These systems could be supplied with potable water by the
Yuma/Mexicali pipeline described above. A Southern California/Imperial
Valley effluent exchange program has been identified that would increase
fresh water supplies to urban Southern California by 1.5 million acre-feet
per year at a cost of about $600 per acre-foot compared to costs of $200
to $2,000 per acre-foot for new water supplies in the region. There appear
to be no legal prohibitions against such interbasin and international
marketing of treated effluent.9
D. Agricultural Water Conservation
Farmers in the Mexicali Valley may be able to use less water to
grow the same or more crops. Increased irrigation efficiency could be
accomplished by modernizing Mexican irrigation systems and/or by
providing irrigator education programs paid for by the United States.'
In return, the Mexican farmers would achieve higher crop yields at lower
cost. All or some of the water conserved by these measures would be
made available for use in the United States. This approach would
increase the availability of fresh water from the Colorado River, again
with no significant adverse environmental impact.' Water users in the
United States would pay for the facilities and training required to
increase irrigation efficiency in Mexico. In return, Mexico would make
some of its Colorado River water available for diversion in the
United States. Mexico would benefit from increased crop yields and
decreased production costs. The landmark water conservation and
transfer agreement between the Metropolitan Water District and Imperial

95. See Bookman-Edmonston Engineering, Inc., Concept Paper: Southern
California/Imperial Irrigation District Effluent Exchange Program (Nov. 1991).
96. Interview, A. Zama, Ing., Grupo Professional Planeacion y Proyectos, in Mexico City,
Oct. 4, 1991 (Ing. is the common abbreviation for Ingeniero - the Spanish word for engineer).
97. Efficiency improvements would have to reduce water use without increasing soil
salinity. This is identical in concept to the water conservation and transfer agreement
between the Metropolitan Water District of Southern California and the Imperial Irrigation
District. See Imperial Irrigation District, Metropolitan Water District Water Conservation and
Transfer Agreement Verification Plan, supra note 8.
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Irrigation District provides a model for precisely this kind of
arrangement."
E. Environmental Considerations
Urban Southern California's existing water supplies are presently
under extreme pressure from environmental interests. Although much of
Southern California's water supply originates in the Colorado River, most
of it is transported from two surface water sources in northern California,
the eastern Sierra Mono Lake/Owens Valley area and the Sacramento
River Delta area. More than half of the Mono/Owens source was
eliminated in 1983 when the California Supreme Court held that
California appropriative water rights were held subject to an implied
servitude that could be exercised at any time in response to changing
public interests, particularly environmental concerns." Similar strategies
are presently being implemented to challenge Southern California's
diversions from the Sacramento River Delta.
Any enhancement of Southern California's water supply, such as
those offered by the Yuma/Mexicali pipeline, groundwater banking,
effluent exchange, and agricultural water conservation projects described
above, would take the place of these other, apparently environmentally
objectionable water sources. The individual projects offer other
environmental benefits as well. An international effluent exchange project
would correct (at least partially) the transboundary pollution of the New
and Alamo Rivers and the Salton Sea. Properly implemented agricultural
efficiency improvements could improve drainage water quality, thereby
protecting migratory bird populations. Most significantly, a
Yuma/Mexicali pipeline would provide safe drinking water for Mexicali
where outbreaks of typhoid and cholera are still common. Of course, each
of the projects described would result in some adverse environmental
impacts as well.
INCENTIVES FOR A TRANSBOUNDARY SOLUTION
The best interests of both the United States and Mexico would be
served by an innovative, cooperative, comprehensive water management

98. Id.
99. In order to protect environmental values, the City of Los Angeles has been enjoined
from diverting water from the Mono basin in eastern California (without compensation),
even though the City's diversions had continued over the past 45 years and it had expended
hundreds of millions of dollars in reliance upon its diversion right. National Audubon Soc'y
v. Super. Ct. of Alpine County, 658 P.2d 709, cert. denied, 464 U.S. 977 (1983). See J. Kishel,
The Public Trust Doctrine and Appropriative Water Rights: Fifth Amendment Implications,
6 Adelphia L.J. 115 (1990).
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plan for the border region."® Both countries are facing water shortages
that could stunt economic and social growth and even lead ultimately to
social unrest in the transboundary region. Both countries also share
severe transboundary environmental problems, particularly surface water
pollution caused by sewage discharges in Mexico. The two neighbors are
contemplating a free trade agreement that would remove the artificial
barriers to commerce that now exist at the border. This enhanced
cooperation should be extended to the development of a comprehensive
solution of international water resource management problems including
those arising from the All-American Canal lining project.
The international dispute over the All-American Canal lining
project can be resolved by implementing some or all of a number of
water management projects in the transboundary region. Each of the
projects described would increase the supply of water to the United
States and Mexico. By making use of Colorado River flows that are
currently lost, both countries would benefit by increasing the common
usable water supply, all at a cost similar to that offered by comparable,
but politically unfeasible water supply projects such as the proposed
peripheral canal in Northern California.
Each of the projects would result in significant environmental
benefits by reducing transboundary pollution and/or by delaying the
implementation of other environmentally objectionable water supply
projects. Also, each of the projects could result in additional environmental benefits. For example, some of the water conserved by improving
Mexico's agricultural water use efficiency could be used to develop or
maintain wetlands or rights-of-way acquired for the construction of
pipelines and other facilities could be used to construct wildlife habitat
or public parks. Environmental improvements in Mexico are already an
integral part of the proposed free trade agreement between the United
States and Mexico." 1 The comprehensive transboundary water management plan suggested in this article would enhance the environmental
objectives of the trade agreement while providing the fundamental
predicate for economic development commodity of all, a safe, adequate
water supply to the border region.
The United States/Mexico free trade agreement is intended to
remove existing barriers to international commerce. The agreement is
intended to achieve an optimal economic system comprising the
100. Severe problems caused by inadequate water supplies have been experienced in

Egypt where extreme population growth has overtaxed and polluted water supplies, leading
to economic distress in the agricultural and rural sectors and causing the Egyptian
government to fear the possibility of social unrest and even domestic violence.

101. See R. Zoellick, North American Free Trade Agreement; Extending Fast Track Negotiating

Authority, 2:15 Dispatch 254, 260-62 (Bureau of Public Affairs, U.S. Dep't of State, 1991).
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economies of the two countries (and Canada). 1°2 An adequate water
supply is a prerequisite to both countries taking full advantage of the
opportunities expected to be developed'by the agreement. The cost of
implementing the water supply plan described above could be financed
by water users in the United States and/or by the United States as a part
of the Free Trade Agreement, either directly or through loan forgiveness.
The most likely, source of direct financing is the Metropolitan
Water District of Southern California. Metropolitan has recently entered
into several innovative water supply arrangements at a cost of up to $200
per acre-foot. These projects will be financed by municipal revenue or
general obligation bonds or by assessing ad valorem taxes on property
owners within Metropolitan's service area. Metropolitan is likely to
participate financially in any project that would enhance its water
supplies as long as the cost is comparable to that of alternative water
supply projects. However, projects that involve capital investments in
Mexico will likely be viewed with some skepticism given the history of
international relations in general and the transboundary canal system in
particular. Therefore, some form of United States federal guarantee would
likely be required in order to secure Metropolitan's interests.
Whereas Metropolitan is primarily interested in enhancing its
water supply, the United States is interested in resolving the various
transboundary environmental problems, as well as enhancing free trade
between the two countries. As an investment, the United States views the
free trade agreement as a means of enhancing the economic strength of
Mexico to the benefit of the United States. 103 Since an adequate water
supply is required in order for Mexico to be able to respond to the
resulting free transboundary market, the United States should be willing
to contribute to developing a water supply for northern Mexico,
particularly since the United States' water supply would also be
enhanced. The United States' participation need not be entirely in the
form of hard cash, but could include forgiveness or restructuring of
Mexico's debt to the United States.
Like most Latin American countries, Mexico is caught in the vise
of enormous international debt. Mexico's debtor obligations discourage
foreign and domestic investment counter to the objectives of the proposed
free trade agreement. With only limited foreign investment, Mexico will
be unable to grow in a way that will allow it adequately service its debt,
thus further damaging its credit and making investment in Mexico even
less desirable. Although recent deregulatory changes in Mexico have
substantially reduced its foreign debt and increased foreign investment,

102. Id. at 256-59.
103. Id.
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there is still substantial room for improvement. Perhaps United States
debt forgiveness or aid could be conditioned on Mexico's implementation
of some of the water supply projects and environmental enhancements
described above.
CONCLUSION
Mexico possesses three water resources that are valuable to the
United States, an entitlement to 1.5 million acre-feet of Colorado River
water, the Mexicali Valley groundwater basin, and the treatable New and
Alamo River effluent. Mexico also faces the seemingly intractable
problem of providing an adequate potable water supply for the burgeoning population along its northern border. The United States is
likewise facing the problem of providing a water supply to the growing
populations of California, Nevada and Arizona. The United States has the
financial and technical ability to solve the problems of both countries, and'
Mexico's water resources represent bargaining power sufficient to secure
a resolution that recognizes Mexico's needs.
By itself, the All-American Canal lining project appears to ignore
the needs of Mexico and may jeopardize the many opportunities for
mutual benefit that exist in the transboundary region. If Mexico asserts
its objections to the project through conventional dispute resolution
mechanisms, the United States will probably be the big loser. Even if the
United States prevails in the legal forum and lines the Canal, it will have
missed the possibility of implementing a project or projects that could
benefit both countries far more than the lining project alone. If Mexico
prevails, it will simply maintain the status quo without making any
progress toward solving its very significant water problems and the
United States will be left without even the lining project.
Conventional international dispute resolution mechanisms can
only deal with the complex technical aspects of transboundary groundwater issues in a superficial way. A number of opportunities for mutual
benefit exist along the United States-Mexico border which can be realized
only through informed negotiation between the two countries. Nearly 100
years ago the United States and Mexico cooperated in developing the
transboundary canal system that made the desert on both sides of the
border bloom. That desert miracle could be repeated today in a different
form if the international border is viewed as an opportunity rather than
an obstacle.

